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(54) Shutdown, bilayer battery separator 

(57) The present invention is directed to a shutdown, 
bilayer battery separator and a process for making the 
same. A first microporous membrane with shutdown 
capakMlity and a second microporous membrane with 
strength capability are joined together in face-to-face 
contact. The face of the first membrane being adhered 
by calendaring, adhesives, or welding, to the face of the 
second membrane, and the separator having a thickness 
of less than 3 mils, and a puncture strength, as measured 
from the second microporous membrane, of greater than 
1900 g-mm, and a peel strength of greater than 1 
grams/centimeter. 
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Description 

Field of the Invention 
5 The present Invention is directed to a shutdown, bilayer battery separator. 

Background of the Invention 

Shutdown, bilayer battery separators are known. For example, see US. Patent Nos. 4,650,730; 4.731,304; 

10 5,240,655: 5,281 ,491 ; and Japanese Kbkal No. 6-20671 , each of the foregoing Is incorporated herein by reference. 

In batteries, the anode and cathode are separated from one another by a separator. Today, "lithium batteries" are 
very popular because they are able to generate high energy outputs. The lithium battery market can be divided into two 
groups, the **primary" lithium battery and the "secondary" lithium battery. TTie primary lithium battery is a disposable 
battery, while the secondary lithium battery is a rechargeat>le battery. A problem associated with the secondary lithium 

15 battery is its potential for short circuiting. Short circuiting arises when the separator ruptures and allows the anode and 
the cathode to come into direct electrical communication with one another. This short circuit may manifest itself with a 
rapid evolution of heat. This rapid evolution of heat can cause the battery to explode. Accordingly, the shutdown battery 
separator was developed. 

The shutdown battery separator generally comprises two polymerically dissimilar and juxtaposed microporous mem- 
20 branes. One microporous membrane is chosen for its relatively low melting point and the other for its relative strength. 
For example, the low melting point membrane may be a polyethylene material and the strength membrane may be a 
polypropylene material. The polyethylene microporous membrane has a melting point of about 130''C. This is sufficiently 
low that, in the event of a short circuit in a lithium battery, the heat generated will melt the polyethylene so tiiat it shuts 
down, or fills in the pores of the separator, and thereby stops or Inhibits the likelihood of a short circuit. The polypropylene 
25 membrane, which has a substantially higher melting point, approximately 1 60°C, provides strength to the separator so 
that it maintains tiie separator's integrity in the event of a short drcuit. 

In U.S. Patent No. 4,650,730 and 4,731 ,304, shutdown, bilayer battery separators of the foregoing type are disclosed. 
In the examples, separator thicknesses of 3-4 mils are disclosed. The methods of making these battery separators are 
disclosed as: 

30 1) two discrete filn^ containing extractaWe fillers are made, then bonded together, and then the fillers are extracted; 2) 
a bilayer film, containing extractable fillers, is coextruded and the fillers are subsequently extracted: 3) one film made 
by an extrusion, annealing and stretching process, and a second film made with extractable fillers are bonded together, 
and then the fillers are subsequently extracted; 4) a first film is coated with a second material. In U.S. Patent No. 
5,240,655, a shutdown, bilayer battery separator, of the above-mentioned type, is made by coextruding the discrete 

35 layers, and then stretching and annealing the extruded bilayer film. In US. Patent No. 5,281 ,491 , the shutdown, bilayer 
battery separator, of the alxave-mentioned type, is made by coextruding the first and second films that contain an extract- 
able material, and the extractable material is subsequently rennoved. 

In Japanese Kbkai 6-20671, a shutdown, bilayer battery separator, of the above-mentioned type, has a thickness 
of about 1 to 2 mils, a penetration energy (from Figure 1) of about 1660 g-mm (this value is equivalent to about 1800 g- 

40 mm when converted into units conrtparable with the test method disclosed herein), and a peel strength of 0.1 to 1 
gram/centimeter. The separator is made by a process in which two discrete films, made by the process set forth in U.S. 
Patent Nos. 3,679,538 or 3.801,404, are bonded together by calendaring at a tenrperature of 134**C. 

A problem with the foregoing battery separators is that, while they provide the necessary shutdown characteristics, 
they are deficient in one or more of the following qualities: thinness or penetration energy (or puncture strength) or peel 

45 strength. In the manufacture of batteries, it is important to have extremely thin separators, so that: the energy density 
of the battery mayfc^e increased: and the size of the battery, as well as. the electrical resistance across the separator, 
may be reduced. Good penetration energy is important in battery manufacture, particularly in the manufacture of "jelly 
roll" type batteries because the surfaces of the anode and the cathode can be sufficiently rough that they can puncture 
these extremely thin separators during manufacture. Good peel strength is important in battery manufacture because 

50 it prevents delamination of the separator. Accordingly, there is a need to produce an extremely tiiin. shutdown battery 
separator that has a sufficient penetration energy and pee! strength to withstand the rigors of battery manufacture. 

Summarv of the Invention 

55 The present invention is directed to a shutdown, bilayer battery separator. A first microporous membrane with shut- 
down capability and a second microporous membrane with strength capability are joined together in face-to-face contact. 
The face of the first membrane being adhered by calendaring, adhesives, or welding, to the face of the second membrane, 
and the separator having a thickness of less than 3 mils, and a puncture strength, as measured from tiie second micro- 
porous membrane, of greater than 1900 g-mm, and a peel strength of greater than 1 grams/centimeter. 
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Additionally, the present invention is directed to a process for making a shutdown, bilayer battery separator com- 
prising the steps of: 

1) forming a first microporous membrane by 

5 

a) extruding a first polymer to form a first sheet, 

b) annealing the first sheet, 

c) stretching the first sheet; 

10 2) forming a second microporous membrane by 

a) extruding a secorKi polymer to form a second sheet, 

b) annealing the second sheet. 

c) stretching the second sheet; and 

IS 

3) tK^nding the first membrane in face-to-face contact with the second membrane by a method comprising calen- 
daring at a temperature less than ISA^C, adhering with adhesives. and welding. 

Description of the Invention 

20 

The present invention shall be described in further detail below by way of the following detailed description and the 
non-limiting examples. 

Shutdown battery separator, as used herein, refers to the type of separator described in U.S. Patent Nos. 4,640,730; 
4,731 ,304; 5,240,655; 5,281 ,491 ; Japanese Kbkai No. 6-20671 ; and U.S. patent application No. 08/341 ,239, filed Novem- 

25 ber 17, 1994 and entrtied "Methods of Making Cross-ply Microporous Membrane Battery Separators, and the Battery 
Separators Made Thereby", each of which is incorporated herein by reference. 

These battery separators are preferably bilayer, i.e., have two different layers, one that provides the shutdown char- 
acteristics and the other that provides the strength characteristics. These separators, however, are not so limited arxi 
they may have more than two layers. Since the bilayer separator is preferred, it shall be discussed hereinafter. 

30 These separators are made with at least two layers, one being a microporous membrane having shutdown capa- 
bilities and the other being a microporous membrane having strength capabilities. The shutdown capabilities refer to tiie 
principal, but not necessarily the sole, function of the layer which is tiie ability to close the micropores of the separator 
in the event of a short circuit. This typically means that the shutdown layer will melt, at some temperature, blind the pores 
of the separator, and thereby terminate the short circuit by prohibiting ion migration across the separator. Preferably, in 

35 litiiium batteries, the shutdown capabilities can be provided by a material that will melt at a temperature at least acC 
below the melting temperature of the lowest melting electrode (e.g., the lithium material, tine melting point of lithium is 
about 180'C). An example of such a material is polyethylene or a blend comprising sii5Stantially polyethylene, or a 
copolymer of polyethylene. The strength capabilities refer to the principal, but not necessarily the sole, function of the 
layer which is the ability to maintain the integrity of the separator in the event of a short circuit as well as, to facilitate 

40 the manufacture of tiie battery. Preferably, in lithium batteries, the strengtii capabilities can be provided by a material 
that will melt at a temperature at atx>ut or greater than the melting temperature of tiie lowest melting electrode (e.g., the 
litiiium material). An example of such a material is polypropylene or a blend comprising substantially polypropylene, or 
a copolymer of polypropylene. 

The thickness of these separators is less than 3 mils (about 75 microns). These separators preferably range in 

45 thickness from about 0.9 mils (about 22 microns) to less than 3 mils (about 75 microns). Measurement details are set 
forth below. 

The puncture strengtii (penetration energy) should be greater than 1900 grams - millimeters, when measured from 
the strength enabling side of the separator. Preferably, the puncture strength should be greater than 2000 gram - mil- 
limeters and, most preferably tiie puncture strength should be greater tiian 2400 grams - millimeters. Measurement 

so details are set forth below. The strength enabling side of a shutdown, bilayer battery separator made of a polyethylene 
layer and a polypropylene layer is the polypropylene side. 

The peel strength should be greater than 1 gram/centimeter. Preferably, the peel strength should l>e greater than 
or equal to 4 grams/centimeters and, most preferably, the peel strengtii should be greater tiian or equal to 8 grams/cen- 
timeter. Measurement details are set forth below. 

55 The process, by which the inventive separators are made, broadly comprises making a first microporous membrane, 
making a second microporous membrane, and bonding together the first membrane and the second membrane. Regard- 
ing the preferred method for making the first and the second membranes, the process requires tiie following steps: 
extruding a polymer to form a sheet; annealing the sheet; and stretching the annealed sheet. The specific methods for 
making ttiese sheets, particularly polyethylene or polypropylene, are within the skill of tiie art. By way of non-limiting 
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example, the following references, each of which is incorporated herein by reference, illustrate possible routes for making 
the sheets: U.S. Patent Nos: 3.426.754; 3.558.764; 3.679.538; 3,801 ,404; 3,801 ,692; 3,843,761 ; 3,853,601 ; 4.138.459; 
4,539,256; 4.726.989; 4,994.335; and U.S. Patent Application No. 08/341.239, filed November 17. 1994. Further spe- 
cifics regarding the prefen-ed method for making these sheets may be found in the non-limiting examples below. 

5 The first and second membranes are preferrably oriented, with respect to one another in the same direction. Cross- 

plying, as set forth in U.S. Application No. 08/341 ,239, incorporated by reference, is also contemplated. 

Regarding the preferred methods for bonding the first membrane to the second membrane, several bonding methods 
are contemplated. Broadly, the bonding methods include calendaring at a temperature less than 134*'C. adhering with 
adhesives, and welding. Preferably, tx>ndtng is accomplished by calendaring, with nips closed, at a temperature of about 

10 1 SO^'C (a peel strength of greater than 1 gram/centimeter is thereby obtained) . The application of adhesives may include: 
air atomizing; gravure/screen printing; hydraulic spraying; and ultrasonic spraying. The choice of adhesive and the rate 
of adhesive application must be chosen so that the separator's porosity is not adversely effected. The welding technique 
includes thermal welding and ultrasonic welding. The amount of energy for either welding procedure and the pattern of 
welds should be chosen so that the separator's porosity is not adversely effected. 

15 Further information about the foregoing Inventions may be obtained from the following non-limiting examples. The 
test methods referenced to herein are set forth below. 



Test Methods 
20 Gurley 

25 Basis Weight 



30 



35 



Thickness 



Shrinkage, MD 



ASTM-D726(B) 

Gurley is a resistance to air flow measured by the Gurley densometer (e.g. Model 4120). Gurley 
is the time in seconds required to pass 10 cc of air through one square inch of product under a 
pressure of 12.2 inches of water. 

Basis weight ts determined by cutting three - one square foot samples across the width of the 
sarrple and weighing them on a precision tjalance with accuracy to 0.0001 grams. The three (3) 
samples are averaged and compared to tolerance limits. 

Method: T411om-83 developed under the auspices of the Technical Association of the Pulp arKi 
Paper Industry. Thickness is determined using a precision micrometer with a 1^ inch diameter, 
circular shoe contacting the sample at seven (7) PSI. Ten (1 0) individual micrometer readings taken 
across the width of the sample are averaged. 

ASTM D-1204 (60 min. @ 90*»C) 

Three (e) separate lengths of stretched product of approximately ten centimeters are measured 
across the width of the sample in the machine direction (MD). The sample is exposed to air at 90°C 
for one hour, the lengths are re-measured, the percentage shrinkage of the original length is cal- 
culated for each sample, and the results averaged. 



40 Tensile Strength ASTM D-882 



Puncture Strength 



Ten measurements are made across the width of the stretched product and averaged. A Mitech 
Stevens LFRA Texture /Vnalyzer is used. The needle is 1 .65 mm in diameter with 0.5 mm radius. 
The rate of descent is 2 mm/sec and the amount of deflection is 6 mm. The film is held tight in the 
clamping device with a central hole of 1 1 .3 mm. The displacement (in mm) of the film that was 
pierced by the needle was recorded against the resistance force (in gram force) developed by the 
film. The penetration energy (puncture strength) was defined as the product of the resistance force 
and the displacement at the maximum point. 



50 Peel Strength 



Peel strength is measured using a tension and compression tester to determine the force in grams 
required to separate two one-inch wide sections of bonded membrane. The peel rate is 6 
inches/minute. Three measurements are taken across the web and averaged. 



55 



Melt Index 



EXAMPLE 1 



ASTM D 1238, (P); PP: 230''C, 2.16 Kg; PE: 190''C, 2.16 Kg 



A polyethylene sheet product is formed by extruding a high density polyethylene with a melt index of 0.6 g/10 min 
and a density of 0.96 g/cc. Extrusion conditions are summarized in Table 1 . 
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A polypropylene sheet product is formed by extruding an isotactic polypropylene homopolymer having a melt index 
of 1.5 g/10 min and a density of 0.90 g/cc. Extrusion conditions are summarized in Table 1. 



Table 1 



Extrusion conditions 




Polyethylene 


Polypropylene 


Die Temperature, 


195 


212 


Melt Temperature. *'C 


220 


228 


Air ring height, inches 


0.75 


2.25 


Take up speed, fpm 


80 


80 


Draw down ratio 


90to1 


82 to 1 


Blow up ratio 


1 


1 


Air plenum pressure, inches of water 


3.5 


2.5 


Weighted gauge, mil 


0.58 


0.63 


Birefringence 


0.031 


0.016 



The sheet products are annealed in an oven under slight tension at a constant temperature for 10 minutes. The 
25 annealing temperature for polypropylene is 1 40 *C and for polyethylene, 11 5 "C. 

The annealed material is then subjected to a cold stretch at room temperature, followed by a hot stretch at elevated 
temperatures, and then by heat setting with relaxation of the film. Stretching conditions are summarized in Table 2. The 
stretched products are microporous films with the properties summarized in Table 3. 

30 

Table 2 



Stretching Conditions 




Polyethylene (PE) 


Polypropylene (PP) 


Cold Stretch, % 


30 


50 


Hot Stretch. % 


200 


150 


Hot Stretch Temperature. **C 


115 


140 


Relaxation, % 


50 


50 


Relaxation Temperature, °C 


120 


140 



45 The two ply stretched film is slit along the edges and deplied. Using four unwind stands, two plies of polyethylene 
and two plies of polypropylene are mounted In the sequence of polyethylene on the top. the two polypropylene plies, 
and a polyethylene ply on the bottom. The four plies are passed through the oven under slight tension at 130 **C with 
nips closed. Two polyethylene-polypropylene bilayers are produced after separating the polypropylene plies. Adhesion 
between the polyethylene and polypropylene is about 8 grams/cm (the peel strength, at these values, does not appear 

50 to be significantly dependent upon peel rate of 0.25 inch/min to 6 inch/min). The properties of the bilayer separator are 
summarized in Table 3. 
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Tables 



Stretched Microporous Film and Bilayer Properties 




rb 


DD 

rr 


Bilayer 


Gurley, sec-in2 


10 


16 


25 


Thickness, mil 


O.Ol 


O.oO 


■1 AC 






KJ. fo 




Porosity, % 


36 


38 




Machine direction shrinkage. % 


1 


2 


3 


Machine direction stress, kpsi 


24 


25 


25 


Machine direction elongation, % 


62 


48 


43 


Transverse direction stress, kpsi 


1.8 


2.0 


1.8 


Trarreverse direction elongation, % 


860 


690 


800 


Electrical resistance, nnOhnrisHna 


5 


4 


6 


Puncture strength, grams-mm 






2400 



25 

EXAMPLE 2 



A polyethylene sheet product is formed by extruding a high density polyethylene with a melt index of 0.3 g/10 min 
arid a density of 0.96 g/cc. Extnjsion conditions are summarized in Table 4. 
30 A polypropylene sheet product is formed by extruding an isotactic polypropylene honriopolymer having a melt index 
of 1 .5 g/1 0 min and a density of 0.90 g/cc. Extrusion conditions are summarized in Table 4. 



Table 4 



Extrusion conditions 




PE 


PP 


Die Temperature, "^C 


180 


210 


Melt Temperature. **C 


204 


224 


Air ring height, inches 


1.75 


2.0 


Take up speed, fpm 


60 


50 


Draw down ratio 


115t0l 


120 to 1 


Blow up ratio 


1 


1 


Air plenum pressure, inches of water 


1.2 


1.2 


Weighted gauge, mil 


0.61 


0.57 


Birefringence 


0.035 


0.016 



The sheet products are annealed in an oven under slight tension at a constant temperature for 10 minutes. The 
annealing temperature for polypropylene is 140 *C and for polyethylene. 115 "^C. The annealing step increases the 
55 crystal linity of the sheet products. 

The annealed material is then subjected to a cold stretch at room temperature, followed by a hot stretch at elevated 
temperatures, and then by heat setting with relaxation of the film. Stretching conditions are summarized in Table 5. The 
stretched products are microporous films with the properties summarized in Table 6. 
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Tables 



Stretching Conditions 




Polyethylene 


Polypropylene 


Cold Stretch, % 


45 


25 


Hot Stretch. % 


150 


140 


Hot Stretch Temperature, ''C 


115 


140 


Relaxation. % 


50 


50 


Relaxation Tennperature, 'C 


115 


140 



The two ply stretched film is slit along the edges and deplied. Using four unwind stands, two plies of polyethylene 
and two plies of polypropylene are nrK)unted in the sequence of polyethylene on the top. the two polypropylene plies, 
and a polyethylene ply on the bottom. The four plies are passed through the oven under slight tension at 130 '^C with 
nips closed. Two polyethylene-polypropylene bilayers are produced after separating the polypropylene plies. Adhesion 
between the polyethylene and polypropylene is about 8 grams/cm (the peel strength, at these values, does not appear 
to be significantly dependent on peel rate OF 0.25 inch/min to 6 inch/min). The properties of the bilayer are summarized 
in Table 6. 



Table 6 



Stretched Microporous Film and Bilayer Properties 




Polyethylene 


Polypropylene 


Bilayer 


Gurley. see-in^ 


8 


10 


16 


Thickness, mil 


0.50 


0.50 


1.03 


Basis Weight, mg/cm2 


0.75 


0.74 




Porosity. % 


40 


39 




Puncture strength, grams-mm 






2060 



The present invention maybe embodied in other specific forms without departing from the spirit or essential attributes 
thereof, and, accordingly, reference should be made to the appended claims, rather than to the foregoing specification, 
as indicating the scope of the invention. 

Claims 

1 . A shutdown, bilayer battery separator comprising: 

a first microporous membrane having shutdown capability and having a face; and 
a second microporous membrane having strength capability and having a face; and 
said first membrane and said second membrane being joined together in face-to-face contact; and 
said separator having a thickness less than 3 mils; a puncture strength, as measured from said second 
microporous membrane, of greater than 1900 grams - millimeters; and a peel strength of greater than 1 gram/cen- 
timeter. 

2. The separator according to claim 1 wherein said puncture strength is greater than 2000 grams-millimeter. 

3. The separator according to claim 1 wherein said puncture strengtii is greater than or equal to 2400 grams - millimeter. 

4. The separator according to claim 1 wherein said peel strength is greater tiian or equal to 4 grams/centimeter. 
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5. The separator according to claim 1 wherein said peel strength is greater than or equal to 8 grams/centimeter. 

6. The separator according to claim 1 wherein said thickness ranges from about 0.9 mils to less than 3 mils. 

7. The separator according to claim 1 wherein said first membrane's melting temperature is at least 20**C less than 
said second membrane's melting temperature. 

8. The separator according to claim 1 wherein said first membrane is made from a polyethylene material and said 
second membrane is made from a polypropylene material. 

9. A battery comprising the separator set forth in claim 1 . 

1 0. A shutdown, bilayer battery separator comprising: 

a polyethylene, microporous membrane having a face; 
a polypropylene, microporous membrane having a face; 

said polyethylene menrtfjrane and said polypropylene membrane being joined together in face-to-face contact; 

and 

said separator having a thickness less than 3 mils; a puncture strength, as measured from the polypropylene 
membrane, greater than or equal to 2400 gram-millimeter; and a peel strength greater than or equal to 8 grams/cen- 
timeter. 

1 1 . A battery comprising the separator set forth in claim 10. 

1 2. A process for making a shutdown, bilayer battery separator comprising the steps of: 

1) forming a first microporous membrane by 

a) extruding a first polymer to form a first sheet. 

b) annealing said first sheet, and 

c) stretching said first sheet; 

2) forming a second microporous membrane by 

a) extruding a second polymer to form a second sheet. 

b) annealing said second sheet, and 

c) stretching said second sheet; and 

3) bonding sakl first membrane in face-to-face contact with said second membrane by a method comprising 
calendaring at a temperature less than 134''C. adhering with adhesrves, and wekirng. 

13. The process according to daim 12 wherein bonding is by calendaring at a temperature of about 130*0. 

14. The process according to claim 12 wherein bonding is by calendaring at a temperature of about 130'*C and the 
calendaring nip rolls are closed. 



8 



EP 0 715 364 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUatioo Number 

EP 95 11 8767 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Ckadoa of docuniBBt with indicatioa, where appropriate^ 
of rctevapt passages 



Retevant 
to claim 



CtASSIFICATION OF THE 
APPUCATION (lBt.CL6) 



X,D 



Y 

0,X 



A 
X 

Y 
Y 



Y - 



US-A-4 731 3G4 (LUNDQUI5T JOSEPH T ET AL) 
15 March 1988 

* column 3, line 41 - column 4» line 44 * 

* column 5, line 59 - column 6, line 28 * 

* example 1 * 

* claims 1,6,8,14,15,24 * 



US-A-5 281 491 (REIN BURTON M ET AL) 25 
January 1994 

* column 9, line 5 - column 11, line 35 * 

* coluiTffi 3, line 28 - column 3, line 53 * 

* column 5, line 44 - column 7, line 25 * 

* examples 2,3 * 

* claims 1-7,17 * 



EP-A-0 577 387 (JAPAN GORE TEX INC) 5 
January 1994 

* page 3, line 22 - page 4, line 43 * 

* claims 1-10; examples 1-8 * 



PATENT ABSTRACTS OF JAPAN 
vol. 004 no. 157 (E-032) ,4 November 1980 
(JAPAN ATOM ENERGY RES 
14 August 1980, 



& JP-A-55 105968 
INST;OTHERS: 01) 
* abstract * 



PATENT ABSTRACTS OF JAPAN 

vol. 018 no. 221 (E-1540) .20 April 1994 

& JP-A-06 020671 (UBE IND LTD) 28 

January 1994, 

* abstract * 



■/-■ 



The present search report has been drawn up for all da 



1-11 



12-14 
1-11 



12-14 
1-7.9 

12-14 
1-11 

12-14 
1-14 



H01M2/16 
B01D71/26 
BO1D67/00 
B01D69/12 



TECHNICAL RELOS 
SEARCHED antCL6) 



HOIM 

B810 



8 

I 

a 



Plan ol Kcaick 

MUNICH 



EM« vf CMvldte t» tke lewvk 

15 March 1996 



Engl. H 



CATEGORY OF OTEO DOCUMENTS 

X : partfculariy rdevaat if taken alone 

y : particalarty relevant if combined with another 

document of tb« same category 
A : technological background 
O : ttoa-writtea dUdosurc 
P : intcnnediate document 



T : thcDty or prindpic underlying the invention 
E : earlier patoit document, bat published on, or 

after the filing date 
D : document dted in the appUcatloa 
L : documect dted for other reasons 



nber of the same patent family, corresponding 



9 



EP 0 715 364 A1 



European Patent 
Oflice 



EUROPEAN SEARCH REPORT 



AppUcstiOD Number 

EP 95 11 8767 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Ckation of docoment with indication, where appropriate, 
of rdevant passages 



Rdevant 

to I 



ClASSinCATION OF THE 
APPUCATION (Int.CL6) 



PATENT ABSTRACTS OF JAPAN 
vol. 007 no. 013 (E-153) .19 January 1983 
& JP-A-57 172657 (TOSHIBA DENCHI KK) 23 
October 1982. 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

voK 006 no. 176 (E-130) ,10 September 

1982 

& JP-A-57 095070 (TOSHIBA BATTERY CO LTD) 
12 June 1982. 

* abstract * 



1-14 



1-14 



TECHNICAL FIELDS 
SEARCHED aBt.a.6) 



Hie present search report has been drawn up for all claims 



UK* of 
MUNICH 



Date mt finilrtlna of Ite wwdi 

15 March 1996 



Engl, H 



CATEGORY OF OTED DOCUMENTS 

X : partiadaily rdevut if tskcn alone 

Y : pvticDtariy rdevut if combined with another 

docuncat of tbe same categoiy 
A : technolDBical bacJLgroiind 
O : non-mrittai Aisdosore 
F : intcmediate i 



T : theofy or principle uaderiying the inveotioD 
E : earlier patmt doanneat, bat published on, or 

after tbe filing date 
D : document cHed in tbe appUcatlon 
L : documAt dted for other reasons 



A : member of tbe same patent family, corresponding 



10 



